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VALIDATION AND SENSITIVITY W A SIMJLATED PMJTOGRAPH
TECHNIQUE FCR VISIBILITY MELING

by

Michael Williams
Los AlmIos Scientific Laboratory

Lo Yin Chan and hnate Lewis
John Muir lnstltute

ABSTRACT

TheLos AlmIos Scientific Laboratory (LASL’ visi-
bility nmd~l is capable of producing slmulat~d “before
and after” pictures that Illustrate visual effects of
smokp PIUMM. Alt60ugh the model has berm under de-
velopnpnt for a few years. until recrntly there ha!
been very little testing of the model against fi~ld
Qxperien[e or teSting of Smsitivity of the modal
results to numerical ~proxlmations used In the MXIP1.

Furth~ Vall~uLICE and sensitivity testing of the
!Ct: model began In late 1979. The work focused on
tm~ areas: (1) cowarison of th~ LASL model results
wtt!, plmes enccwntewl in thr field, (?) comparison
@f LASL hsckaround-atmosph~re modrl resul ts with
xwasved sky intensities, and f3\ examination of thp
variation of mode? results with changrr. in thp nunPr-
ical ~prouimations.

The flelfi study tnnh plaIP during AllqiJ\t of
]p”~ in thp virfnitv of Coal.fired pwpr plant% in
nnrthwest~rn NW MPEico and northvn Arlzr)na. TplP-
photcmt?r, MIX plwnr mrqsurements, anr! auroso! si7~
tt-%t-ibution measurm=nts uerp maflv in thr rIIIanr% rf
thrpr ftlffwent coal-firXl ptier plrnnts. Photograph\
were takpn cif t~ plunPs and simulatpd phrtqraph,,
wpre prepared hy th~ model.

Llqht tnten%itiP% calculated bv the barkqround
radiative transfer mndrl ~rp Comparprt to mrasurprl
!lqhf intpn%itlp< In a vprv c]ran atmnsphwr and in a
mrldorati,lv ha?v atmn%nh~rl~, Thp mra%urm! lntpn~iltr,.
WWF IIIWiVPII frm photographic fffmsltlr%.

In adrlltlnn tn tho fl~ldmeasurenwlt~, diffprrnrp~
r~sultlna frm in( ~Pasmi nwihpr% of wav~llmcllh~ in th,,
rIIIIW rrprrsrnt,dirm uPW ●Imlnrd. ur also •uam~nm’
othrr rhfinqn% In th@ nun~rica! npprosimfi!lnnl . T hv
rwult!id thr\r %tudlr% arr dp%rrih!~,~,



studies have barn wf-d with It (Hi 11 irns, @t

al., IWO). HSWW, the RO&l has had very

little validation and ■any aspects of the mdel’s

sensitivity have not been ●xamined.

The limited sensitivity studies perfomed to

date have dealt with the sensitivity of uadel

results to mdel Input parameters such as the

vlauing gemetry, atmospheric stability, back-

ground visual rmge, wfnt swd, ~llutant eml6-

sian rates. primary particle size distrlbutlm,

and secondary particle size dlslributton. The

purpose of this mark is to ●xamine other aSpUtS

of the nmdel’s Sensitivltv and to des:ritw th~

results of va~liia:ion Studlrs.

Sperif, c arecs ekmined includ~ th@ USP of

thr= wavelengths of light tr represmt thr

●ntire visible spectrum md the sensl~:vitv of

❑o~l results to Merical app~olhnatlons u%fxl

I#ithimthp C~U!PF cO(fFS.

Tfw valldatim Studirf UP* Wkiqmf tn P*-

amlnr thp mdrl’s accuracy in situdtfons *WC

thr Wdrling awroxima:lcm cannot M r~mfllv

t~%t~d. Furthrrmwc, tht~ v~lidatlon stuItlPs Wrr

lntrnd@ft tc adftr?%% tfw #crurary of thr mmbl

prrdl:~lan% in tho rmt~~t @f thp first phaw n~

blslhllltv PrIIf Mtlnn, th~t 1%, plum- hltah! w.-

snrlat~d w!th mdjnr lndust~l~l %nurces.

“. . iHl LA!,i VISIBILITV Wlfl

lhr LA:.: Vl%ihll~ty MWIIV1 tntrqralm %IBVP’ ,1’

rm,,nnrmtt to illu%trat~l tfn’ rffmt~ of dir ron-

taw,lnmts on d vista. If rm hr IMII In @lthrr

of tm rode%. ~trst, if tfw cnnta~lndnt IoncFfl-

tratl.WI% STP DrnVi&d dlrmq with rF\Pbant pWfi-

¤~t~r% %u,mh at tk ql?~ al%trlfuttrm nf parttcu-

latm, M ran mdrl thr rddlallvP tran%f- and

prov”fl mmwiral nr ptrttwlal rrprv%tm!ttlon% nf

a scene stijat to tha cantmsinationm Second, It

❑ay be used with saissicm and meteorological data

to predict the chemistry, dispersion, and radia-

tive transfer asswiated with the contaminant.

The atput of the model IS in the form of a sin~-

lated photograph suppl~ented with various indices

used to describe visibility Ispairmmt SUC4 al

tb blue-red ratio of ttw plume, plme-to-horizcm-

brlghtness ratio, and changes In chramaticlty

coordinates. In the simulated photograph d{g?!a~

fnfOfTIatlOn representing film densities that c@r-

rmpond to an original base Bhotograp4 has bee”

modified ~n accordanc@ with radiative tra~$r-~

calculations and *pictQd on film. Thuq, th.

techniqu? can pradurm ‘before” and Wa’:e-”

pictures.

Production of a sfmulatpd picture IS a rob!:..

stm wmssm First, a photngra~h of th~ S:P*II

1% ta~pn m a r~lativply clpan. cleuttless ds~, s“

thr SW? ti~. n ph~tnqraph IS tahpr @f a qr,l,

scalr. ThrF. hcdh th@ photos-aph of th srmm

dki thr phntnqrdph of thr qrav Schlr ar~ r!.a.-

t Izpd. If Prl%slbl(, trlrphotomrtr~ lWdSIJFPm+-!!.

arr taim a!nnq with thr picture.

Frm trl~photcmn~trr mpasmmrnt,., Mntoar,lph.

drnsitlrs, or turhlditv data. thv hachgrom! v!*.

ual ranqr for tfw clrfinsrrnr is ●st!matmf. 1 h,

barharnund atmrwph~r~ IS thmn stmularml wlt~ J

radlhtlvv trln~fmr rlldr pa%t~,l nn [lavr’% [Rr(-.’q

and IItvr, Ia?:l ~trrdtlvi’ !mhnufur, In f),

mdPl thr raif!an[~ It ~proklmatrfj hv th,. Pit.

Iattnn:

1(, ,:,.) 1 n
ml j,h,m

r(lsl(n - 1):1



Where :lfbscript j r@fers to the cosine of the

propagation angle , and subscript k refers to the

layer &ich includes tlw optical depth ‘, . The

code normally uses 20 values of i. and 10 layers.

Absorption, Rayleigh scdtterirg, and Mie

scattering eve considered. T~ background

retiiative transfer code alsc computes the phase

functions for specified size distributions.

those cal- culations slhyle wavelengths

450@0A, 550tt0A, and 6500°A are used

represent the CO1O-S blue, green, and

In

of

to

red,

pevfn~ a double function.

First, thev Providr boundary conditions and

fore i ng fulrtions for the p 1um~ r8dt8ttve

transfer coftp. Spcond, thev provide thr link

bptwem the film denzitips and th~ calculate

flrsl ~p cnrrr~~p$

tIV thr film, ]n

is phntnavdphrrf ?~’

r, - - Irlrl I * [
‘ P (;!

-[l
1(1

rr f

d’
If-v!

where Dref Is the density (after transforma*.ion)

and Lref is the radiance calculated for the

SMZW portion of the sky with the background code.

The plume radiative transfer codQ first cor-

putes the dispe%ion and chemistry of the IInl-

lutants. Dispersion is based on Pasquill Giffor5

(Turner, 1969) for neutral and unstable and TVA

(Montgrnnery, et al., 1373! for slightlj stab!~

with buoyancy-enhanced dilution. Thr horizontal

Siynas are increased by a factnr cf trav~l tinm

to the on~-fifth aowv with 2 minutes u;~d for

the TVA sigras. The chemistry is hasod on first

nitrogen dlow~d~. For nitrrigrn dinw!rll,

concentration is q+ven hv:

()N2,
N, .,.(] .

. ‘~’p‘o?+ %’ + m;‘ Nik.

w~lh = ‘p~w’: p’?’

t f-n

,“,
.

.:



the concentration with the ~proprlate scattering

end sbswtia’i pmptrties of the contuslnmts

provitis the scattering end extinction optical

depths at ●~ch point almg t~ lIw of slpt.

The result of the pl~ radiative trMsfer

solutim Is to pIovidc ttw plm transmlssim md

the pl~ contrlbutlm to the radiMce, Lp’,

fcw each line of sight. These parmrtms are

then ~lned with the transfwmed filsi dmsities

tc produce modified film densiti~s through the

rplatinn:

ThF ns densities can br display~ a a cathn&-

ray ttie andlor photographed with a matrla cam@ra

to provitr “after” plcturrs. Tlm dmsities cm

alWI be convcrtpd tn radiances and UM to deter-

simulated horizon sky chr-aticities, the chrrma-

tlclty caordlnates for th overhead sky ure cal-

culated with the 31-mvelmgth and 3-ndvelength

simulations. Ulth a mrnlng sun, the overhead is

-h different In color than the hrlzon. The x

and Y coordinates uera .239 and .?40 for the

31-uvelmgth representation and ,24? and ,24@

for the 3 wavelengths represented. A slmlla~

~arlson was made for the reflected spectr~

frma gray body. In this case the m andy value>

via the 31-wavelength representation were .29%

and .309, respectively, and the M and y conrd~ns-

t~s with the 3-wavelength re~rpspnta:imr wn~.

.?95 and .308, respectivel.v.

One of numwical @proximations In tm

background cod@ was ex#nlned. The Fourier

cwfficients ~me increased fran the norms: 3

terms to 6 and finally 9. Th simulations *rr

carrird out for a day with Imd@rat@ haze [hv

SodthWstPm Stdnddrfh) on @IIch tlW backg~cw’

visual range was nnlv ]?5 km. slmuldtinn~ wr~”t

cdrri?d out for mrmnil~ and nrlv norm, Ta~lpc ;:.

and IB npn~t th~ d~ffprenc.rs feunll w“:]’

l~rea~ing FourlPr c~fficient for r~rliancr~. a!

rliflrrrnt anglrs with r~sprct to tlw sun,

Finally, tfw MI@Pl simulation urw r~~~wi

tn *asurPd radlancr$ en a mdrrfitrlv hd7v rl.q}.

This d~y was rhofim tIPCfiIISII onr uould ~mprct mJj.w

diffWm\P% h~tmrn Cnlnrs, with Rdvlrlah grh:tIII.

Ing *indtlnq in tlw blur, ndvlpll~ an[~ ulv

lrattwlna romardhlr tn tfw grwn, and M!lI %rdi

trrlnq tilnatinq ~n tk rrd. Becausr thr modr!

qhrs cnly rrlat~vr rad~anws, th wasml anll

slwlatd volurs ww sd qual for om VtIWtIIU

dirertlon snd mrawrmt snd shilatrd valuw WI’11

c{~arrd fcw nthm- dlr~tlon%. 1* ❑wsurmpnts
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WFP r)htalnert ●!th photographs with film dens’

, I;

tit%

trmsfnrmwl itt arr orl;nncp with Equatlnn ?,

Tahlr II r~pnrf’, thr re%illts of the comparison.

Fzw terms Ir, e~cess nf 6 tlw codP ~xp~rimcmi

convt?rgmce diffilultics. Pres(nahlv, thp~~ dif.

ftcultlm arp r~lalml to flw charactrr of dssnri-

atpd sphwtcal harmnnirs of htqhrr ordrr. Thpsv

functl.vrs mkgn r~l)id variations with argunrnt,

hnrmalitdl~nn is rrqutrrd to proprrl,v tr~at



differences are smaller as the value of I- in-

creases. Thts means that, at low observation

angles, when the sun is lw, scattering is we

anisotropic and the plane-parallel layer approxi-

mation is least accurate. Thus, mm< Fourier

coefficients may be required.

Tabie IB was chosen because it represents

the least variation in the relative radiances.

The knlues calculated for the three coefficients

are practically equal, even for low observation

angles, for example, small ~. This shows that

near noon scattering is more isotropic. Thre?

Fouriw coefficient are sufficient for tnr

calculation of the radiances.

3.1 Testinq of the Plume Model Prediction

During August of 1979, a brief f!eld prcgra~

W3s carried nut to test the mndel’s predictive

capah+l it),, An a:rcraft with low-spperl capahilitv

w3\ usofi tn sampiP smd.~ ;llum~s and to provirh’ d

~~atform for” plumo photography, Thr ~lrrrdft

rapr if? irl$lrumcnt:, for mpasurinq tot~l oxiclc:.of

nitrooPn, p~rticulat~ ronc~ntrat inns, and COlldF~l-

s8! inn nurlcim lh~ part icul~t~ measurfnq dovirr

wa< a quartr rry<tal monitor (QO’] with aerol’-

nan,II $lj{,-Seclr[)Qitlnu canatl~litv (Fowlw and

!irdlarrh, lQ7~\, Supporting photoqraphv an(l

t?l~photmndr?r mrasurt?mrnt$ wPrr madr nn tho

qrnllnfi,

\ampl}nq wa’. earl lwI nut in thr nlumo~ nf

thrw Snuthw~’$trrn Uoupr plant%. Thrso Inrludrd

a larq~ plmt hurnlnq high-ash coal with rrl?-

tiv~ly inrfflrionf part lrul?tr cnllectnr$ (Plant

A);

m I

and

Pff

a Smallw plant With effici@vIl partlrulatu

rrtnrs nrwi sulfur oxides scruhhtnq (Plant R);

a l~rqr rIlant hurnlnq modrrat~-asll coil with

r~rnl part l[ulatr ,.nllertnrt and nn sulfllr

oxide controls (Plant C). All plants burned

low-to-moderate sulfur coal.

During the sampling period relatively windy

conditions were encountered; however, a nu~er of

interesting cases suitable for simulation were

found. Frcm the complete set of photographs six

were chosen for simulation. The meteorologic!,

plant, and viewing conditions for the six cases

are aescribed in Table III w!th more details

provided in Table A-I in the Appendix.

The photo CR SJ 831 deserves specia’

mention. In this case, the IIIUIIPfrom the small

plant Waj dpOrOximatD~,y ~FIO meters hiqhp,- thar

that frcm the large, despite the fact that t4c

two plants were less than 15 kilaneters apart and

the stock tops differed in elevation by only .3CI

meters. The winds were moving the plume f-”jm the

large plant tf the north toward the small plan”

site, but th~ plume from the small plant wa’.

travrlinq ~a<t in what am~art?d to br a li~~!I’,

w{nd. IrI tlli~ ca$v. tbc plum- rise mocful~ w:u.’:

n,,! prodlc,t tht= actu~l plunw height, and J’

artificially hiqh stark hciqht wns uspd to proi’ 1~

the proper plm~ PIPvation.

Hind spPr(i!l nefl) P14nt c wcrr hasc’ ,1~

pibals providd h,y thr plant opprafo!’ wh~}””rl

wind spmdc n~ar plant A wrrr bd%l~(! on ti,n~,t(UP.

wln~ and downwinrl pfls<PS OVP~ grounti tratu,r,.

with air-spcft:~ nf 6(1 mph or IIIsS, ultl,~ (fl!.,~, .

tinns wl}r(~ hflsod on plIiIIM~travrl rfi!.o,tlori~.

Atnmphcrir sthtlilitv wa$ pstimat~d from tht~ al~-

craft mPasurem~nt\ of thr v~rtical tmprf”-.iuro

ff15trihutlnn for stahlp conditton4 or frrm thr

Turntv rat~qorl?at ion (Turner, lq6Q) srhemr for

neutrhl or unrtnhlu conrfit~ons uflng extral”,ll~tp,l

](1.ml,trr-h~iqht wlIId%. si~r (iistrl!lutlo”l\ f(lr



TABLE 111

METEOROLOGICAL, VI EU]NG, AND PLANT CONDITIONS FOR THE SIMULATED SCENES

Distance frun Hind Speed
Photograph Date ?1 ant PI ant Viewinq Angle and Heiqht Stability, Case

1-4B B/27 /79 8 km A-1+

lB B/28/79 24 km c-3

2B 8/28/79 24 km c-3

3B 8/20r79 40 c-3

5B 0/31/79 40 B-1

8/31/79 8 A.~+

t~ plune particulate were basrd rm the OCM

measurements, In the case of Plant B, the plume

aerosols were not significantly elevated abov~

background. Ir, the case of Plant C, the elevated

particulate conrentrat!ons were only found VWY

near the plant. For Plznt A, aerosol concentra-

tions were greatly elfwated; however, thr sizr

distributions sWmed to b~ varicthlp frmn on~ pass

to another,

In threp cases, photographs with similar

terrain and similar viewing angles were availdhle

withou* perceptible plunes. In these cases CRRP

8?7, CRRP R31 and CRSJ R31, thr cleaner n~vh.y

photoqrtphs (taken on thr far sI* of thp plwmr

or after It had disp~rsd], could hp usmi as ha%r

photographs, Hmmver, in the casr nf photograph%

?-6, 2-7, and ?-10, thorr werP nn suttahln h~%o

photographs availahlt?. In thmr cas~s, thr plumr

phntngraphs tv,~rp artificially t!pand up tn prn-

vidP new base photographs, This wa% accompllshrd

by dftwmihing the p?rceptibl~ outllnw of thr

plunm and th~n Pithrr ●ntrapolat!r!q clmrr sky

fran above ttm PIW dom to thr g:’und G? hy

Intmpolatinq hctwmn cl~arl skv ahiwr and hrlw

cross plume E m/see c CRP B27

upwind to 6.1 E CRP 27
quarterly
upward

6.1 E CRf ?7

aun~!*ring tu 6.1 E CRP 210
nezl. CFOSS.

hind

upwind 1.0 E CRSJ f131

crosswind 3.0 E CRF 83!

thr plurw if the plumr were above thp g~o,m+.

Onp potf!ntlal dlf?icu;t.v In this approach Is tha’

in the two upwind-looking cases, the plwne cal-

culations suggest that the plune Influences tbp

radiances for portions of the sky abnv~? ,P per-

ceptible plune. In this circumstance, the pl~i

rariiancrs chanqo S1OW1V with angle, leavina thr

viewer uitho,it pcrcrptihlc bounrla~iesi Thr mw,

rapid chancy?s n~ar thr horizon arp pPFr~p:i\l.-

ancl l@avP thr viewer with th~ Inpvssion tha: thl~

plumr influrncpt a murh smaller portion of SI.V

thnn it in fact rtrIcs.

phnL,,graph$ lh throuqh !iA #ro point< mart,, II*

digltifina thr rrriqinal slidc$, rurrpctln(l th,

diaital Infrwhatinn bawd on nwasurernrnt~ Of ,1

photnqraphod qr~v sral~, and phntoqr,iphing th,.

cathodt’-ra.y tllllf~with R matrla rfimrl”,~ ~.fl.

Vrricnlor 4 n % shrrl film, Ph~tmzr@\\ 11:

thrnuqh WI arv %Imlllatrd phntograph$ m~ll,l with

thr matrix cmnrrp nn Vrricnlor 4 n 5 shpot film,

In addil inn to thv qualltattvr cmmpnrl%m ,1

tlufintltativr cmqlfirlsrm was also mad~, 1hu

qufintltfitivr roriq}ari%on WR% mm-tt~hy co~)~rlnq thv

cnlrw rnntrii%t Iwtwrrn thv prrr~ptihlr plimm ,ml



the sky abcve them for three azimuth angles for

each photograph. The color contrast was defined

as:

r

2 2
cc = ‘PB - ‘S0 + ‘PG - ‘SG + ‘PR - ‘SR

LSE ‘SG ‘SR “

The radiances
‘PB’ ‘S0’ ‘tc” ‘ere Ob-

tained frun the

color contrasts

real plmes and

separately and

transformed film densities. The

mre measured on the displayed

the displayed simu?ated ~lumes

compared for the Samp azimuth

angles. In this case, the eleva!irm angles of

the sky and plume were not necessarily tl_IPsamu,

Measurement of radiances were also made for tho

same angles in cases Whwe the same base photo-

graphs were used. Table A-2 In the Appendix r~-

ports the measured radiances. Table IV reports

the first canparison.

Onc difficulty in this ~nproar4 is similar

to that discussed earlier, that is, in thp drwind

looking cases the top 01 tb~ plumr is no! sharply

defined and much of th~ sky above the pwr~ptihlr

plume may be influenced by the plum[’.

In the case of three of the photographs, all

associated with Plant C em!ssions there is quali-

tative agreement between the simulations ant! the

photographs. For one of the other photographs

the simulation is poor (CRP 83i, wh’:h is not

shr)wn). In this instance, the model would be

expected to fail because the plume is optically

thick for downward traveling light. The mofc~

assInnptions permit optically thick plumes along

the line of sight as long as the plmne is oDtical-

ly thin to direct sunlight. In this case, th(

prominent shadow observed below the plume if a

clear indicating tha! thp n!ume is opticallv t~,’:.

tn direct sunlight. Thus, the failure of t~=

model in this instance is to be expected. In tw? -

other instances, there appears to be sane differ-

enc~ betw~en th~ model predictions and the o! -

served plwnes. In orw case, the particulate

appear to be a littl~ mn”’e obvious in the simu~a-

tion than in the observed plume. Th~ difference.

in this casP miqht be traceable to the diffe;er,::l~

betwpen actual emissions and assumed emissiors.

Assmed emissions wPrc hast=d on 95% contrrl w~””

Cas(’$

CRP ?6
W 7(}

CRP ?7
SP 7?

CRP ?In
SP ?1’)

CI(SJ 03
SPSJ Ill

thr ~qtlipment has Opprat(bd at ~fficienci~~ al

TAHI[ IV

COM1’AFfIStlNOF BL(II-RIIIRATIOS N[l COLOKCONTRA\l\ M[A511R[i~AND CALCULGTF[l

Riqht-hfind ~id~, LPft-hflnd slrh’ o!
Of pirturr CPnt o) pictur,

B/R C[ B/R cl’ Ifm ~(

.673 .??(I I.W .lRd .73 .ya

.s?7 .$*() .~6 ,7?Q .67 .~(1

.674 .?7Q ,47s ,(w .60 .cop
,544 ,1111~ .44? .71 .67 .7W

.~~~ ,454 ,453 ,543 .567 .416

.7?n ,73!, ,5M ,3[lfi .7?4 .183

.!)Rll ,4M .57(I .4p4 .W-)? .50

.41!) .flll .140 I,tlfl .40? .$fi7



high as 98% and seems to exhibit test-to-test

variations In emissions.

Finally, in onc case, CRSJ 832, the

simulated photograph depicted a plume with less

width and rrme dens:tj in its central core. This

was a down-axis case with light winds where wind

meander would be important. The code used a sim-

ple t-z luw for converting shnrt-term sigmas

into long-term val’les. Larger signas would lead

to plumes comparable to the one observed.

Four of the cases were analyzed to determine

tilue-red ratios and color contrast between the

plume and the sky above or below. Table 111 re-

polts the values of the parameter. The positions

and radiances found are reported in the Appendix.

Generally, the code seems to tend to a slig,’.

ovelprediction. However, this may be misleading

because the larger plume depths, of the simulated

plunes appa-ent on the photos, meant that ‘hc

comparisons were between diffe~ent portions Of

the sky. It also apppar~ that the paramPtcrs

chosen do not provide a very good depiction of

the perceptibility of plumes. For example, in

two source instances the actual plumes are more

evident than the simulated ones, althouqh thr

param~ters would suggest otherwise.

Scrne of the discrepancy between the real

plumes and the predicted ones may be thP result

of an overprediction of the dispersion. Srch an

overprediction would lead to more diffuse, less

evident PILMPS, although the gred.?r mixing would

lead to a greater fractional conversion of nitric

oxide to nitrogen dioxide. H ighpr conversion

rates would ledd to

higher color contrasts.

4. CONCLUSIONS

The LASL visibility code has been testej

against actual plumes under a nurnbcr of different

circumstances. Qualitatively the sim~!atincs

seem to provide reasonable representation of trjc

actual plmes. However, it does apppa~ tha! in

some cases the simulated plumes are more diffuse

than the actual Plunes with the result that the

simulated plumes are less apparent. Furthermore,

visibility parameters suggest scxne overestimat~~,

of the plumes’ appearance. These two cirrum-

stanc?s would be consistent with ov~rpr~fl

of ciisDers+cm.

In two cases. tho model perfnmefl

well. In one instance, tb sim.jlatirm ~

plume with very high particulate conc~ntratior~

appeared much too bright. In this instant-. the

plume ‘.:assPPn to have an obvious shadow wh’:h

indicates that the PIWIW was optically thick tt~

direct sunliqfi!. Thr I,IOCI,,Iis currently n;!

suited tc do the p~~qlrtions f,,,.a plwmc wh:ril 1$

optically thick to sunligh!.

These studies surJcIPst a nred for fu-th,,,

validation work fi~rein the emissio~ oaramet~:-t

are well know an4 th~ disn~rsion is WPI1 dP~T-o*

over short t~st ppriod<. Th?rp is dlsp a ne~,! t

examine m~anrirr of winds durina stahl~ ron.!,t:~.”:,

Finally, it app~ars that th(~ prrsent stah!,~ r!

visibility param~t~rs is not ariequato to drsc?”l!~~

prrceptibilit,y of smokr plumc~.

L(I,:;) - Radianct= as a function of ~, J and .

‘j,k,m - Radianc~ for the j propaqattnn anqlc. kth
layer and mth Fourier coeff

wer blue-red ratios and on - Transformed film density.

[ - txpwur~ of film grain.

cient.

atPri rartianrl’a - Factor for cnnvrrsion of calcu
tn film Pxposurr.



Dref - Film density used to obtain a.

Lref - Calculated radiance corresponding to
r)ref.

t’K32- Nitrogen dioxide concentration,

E - Regression coefficient for calculation of N02.

F - Dilution factor for traveling from 2 km in the
plume to distance x.

B03 - Biickground ozone concentration.

BM,. - Background nitrogen dioxide concentration.

()N02 - fraction of NOX converted by therm??

m“
xi oxidation before plume height stabili-

za~ionm

NOX - Plume oxides of nitrogen concentration.

lP(X) - Plume concentration of conservative
species of downwind distance of a.

,O(L) - Plume concentration of conservative
species at 2 km downwind.

B - Exponent of distance in the Pc+wr law expres-
sion for the vertical dispersion parameter.

D - Exponent of distance in the gc+ver law expres-
sion for the horizontal dispersion parameter.

u - Wind speed.

t - travel time in hours.

Dnew - Calculated modified film density.

Tr - fractional transmission alona the line of
sight.

Bold - Original film density.

LL - Plume radian~e.

cc - Color contrast.

LPB - Plume radiance for color blur.

LSB . Sky radiance for CO1O! blue.
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